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We have recently identified two unusual human pap-
illoma virus (HPV) isolates while engaged in an ongoing 
study of wart disease in meat handlers and veterinar-
ians. The papillomas from which these two viruses were 
isolated clinically resembled verruca vulgaris rather 
than either flat warts or epidermodysplasia verrucifor-
mis (EV). These two previously uncharacterized HPV s 
were molecularly cloned and characterized with respect 
to known HPV s. The genomes of the two viruses ex-
hibited dramatically different restriction endonuclease 
cleavage patterns but were found to have significant 
sequence homology to each other, as well as to HPV-3 
and a new virus isolated from a patient with EV. Neither 
of the two new HPV isolates exhibit detectable sequence 
homology under stringent conditions of hybridization or 
share similar restriction endonuclease cleavage patterns 
with previously characterized HPV types 1, 2, 4, 5, 6b, or 
a previously isolated HPV from meat handlers. 
The association of particular human papillomavirus (HPV) 
types with specific pathologies has been tenuous, at best. HPV-
1 has been found in plantar [1-3], common [4], and anogenital 
warts [3,5]. HPV-2 has been found in common [2,3], plantar 
[3], and anogenital ([5], K. Zachow, unpublished observation) 
warts. Flat warts [3,6] and epidermodysplasia verruciformis 
(EV) lesions [3,6] have been associated with HPV-3 and plantar 
[3,4], and common warts [3,4] with HPV-4. HPV-5 was found 
in EV warts and associated carcinomas [2,7,8) while HPV-6 was 
found in both anogenital [9,10] and EV lesions (R. Ostrow, 
unpublished observation). Recently reclassified HPV-8 and 
HPV-9 were also associated with EV [11]. HPV -EV has been 
found in EV lesions, urogenital carcinomas and anogenital warts 
[12]. More specific histologic correlations have been suggested 
[13] but the ubiquity of HPV types in the various lesions 
mentioned above, often with several viruses within a single 
tumor [13,14], counsels caution when rigidly assigning an HPV 
type based upon observed pathology. As more HPV types and 
variants are being identified by rigorous molecular biologic 
approaches, the complexity of characterization and categoriza-
tion of viruses a nd their involvement in human tumors in-
creases. Currently there are two major criteria for classification 
of HPV [15]. First, those HPV DNAs which share more than 
50% sequence homology under stringent liquid DNA:DNA hy-
bridization conditions are considered to be of one type. Sec-
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ondly, significant titer deviations in reciprocal serologic assays 
using antibodies induced from pmified virions must be observed 
from different types of HPV. This latter requirement is often 
very difficult to fulfill for one is fortunate to have a viral DNA 
yield sufficient for analysis and molecular cloning, let alone 
isolating purified viral antigens for serologic testing or antibody 
production. Often pure sera1 from other known HPV types are 
simply not available in quantities for large-scale screening. 
There also exists the possibility that complete virions are not 
produced, or are produced in very low amounts in some tissue 
types [16]. In this report we describe two new viJ"Uses that are 
related to HPV-3 by sensitive DNA:DNA hybridization tech-
niques, but exhibit a novel pathology with respect to that virus. 
MATERIALS AND METHODS 
Molecular Cloning of Viral DNA 
Total cell DNA was extracted as described previously [7]. Briefly, 
tissue was treated with sodium dodecyl sulfate (SDS)-pronase at 60°C 
followed by the addition of potassium acetate to 1.4 M at 4 °C. After 
clearing, the DNA in the supernatant was concentrated by the addition 
of ethanol and treated with RNase A followed by SDS-pronase diges-
tion, phenol-CHC13 (1:1; v/ v) and CHCb extraction, and .iinally ethanol 
precipitation. After cleavage of 1.7-3.5 p.g of cell DNA with Hind III 
which produces a single cleavage in these viral DNAs (R. Ostrow, 
unpublished observations), 2.2 Jlg of Hind III cleaved Charon 27 DNA 
(obtained from F. Blattner) [17] was added and ligated as described 
previously [7]. In vitro packaging of the lambda DNA was achieved by 
a modification of a previously described procedure [18]. A freeze-thaw 
lysate was prepared from the bacterial strain BHB 2688 which was 
grown in L-broth at 30°C. At an ODuno of 0.3 the ce l.ls were induced at 
45°C for 15 min without shaking followed by shaking vigorously at 
37°C for 1 h. Harvested cells were resuspended in 3 ml of 10% sucrose, 
_50 mM Tris-HCl, pH 7.5, to which lysozyme (50 p.g/ml) was added. 
After quick-freezing in liquid nitrogen, the solution was thawed for 15 
min and 75 p.l of Ml buffer (6 mM Tris-HCl, pH 7.5, 30 mM spermidine, 
60 mM putrescene, 20 mM MgCJ,, 15 mM ATP, 30 mM 2-mercaptoeth-
anol) was added. This solution was centrifuged at 35,000 rpm for 35 
min in a Ti 50 rotor and the supernatant solution was frozen at -70°C 
in small aliquots. 
A sonicated extract was prepared by growing BHB 2690 cells at 30°C 
to an ODuoo of 0.3. Cells were induced in L-broth by shaking vigorously 
at 37°C for 3 h. Harvested cells were resuspended in 4.6 ml of Buffer A 
(20 mM Tris-HCl, pH 8, 3 mM MgCl", 7 mM 2-mercaptoethanol, and 1 
mM EDTA) and sonicated 20-30 times for 15 s each at 4°C using a 
Bronson sonicator at setting 4 with a microtip until the solution was no 
longer viscous. After pelleting debris, the supernatant was removed and 
frozen in aliquots at -70°C. For packaging of the DNA, reagents were 
mixed in the following order: 70 p.l Buffer A, 20 p.l ligated DNA, 10 p.l 
Buffer Ml, 60 Jll sonicated extract, and 100 p.l of the freeze-thaw lysate. 
After incubation at 25°C for 1 h, 0.5 ml of L-broth plus 10 mM MgCl2 
and 0.1% maltose was added. A portion of this was absorbed onto 
LE392 which had been grown overnight in L-broth plus 10 mM MgCb 
and 0.1% maltose, and plaques were screened by the method of Benton 
and Davis [19) using HPV-EV DNA (a generous gift of M. Green, St. 
Louis University Medical Center) which had been labeled by nick-
translation as described previously [7]. 
Preparation of DNA from Phage 
Phage was absorbed onto LE392 as above at an MOl of 0.001. After 
lysis was complete, CHCb was added to 0.5% (v/v) for 15 min and the 
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cellular debris pelleted. Phage was pur ified by precipi tation at 4°C in 
3.5% NaCI and 8% polyethylene glycol 6000 (Sigma) for at least 4 h . 
The pelleted phage was resuspended in 10 mM Tris-HCI pH 7.4, 10 mM 
MgCb, and 100 mM NaCl at 4 oc for 18 h, treated with DNase I (Sigma) 
at 100 ~tg/ml at 37°C for 30 min, and CHCI:. extracted. CsCI was added 
(0.77 g/ ml) and centrifuged in a Ti 50 rotor at 18°C for 40 h a t 41,000 
rpm. The ba nded virus was dialyzed against 10 mM Tris-HCI, pH 7.4, 
and 10 mM MgCI2• DNA was prepar ed by treatment of the phage with 
SDS-pronase treatment followed by phenoi-CHCI:, (1:1; v / v) and CHCl:, 
extl'action and ethanol precipitation. 
Restriction Endonuclease Analysis 
Treatment of DNA with restrict ion endonucleases, foLlowed by aga-
rose gel electrophoresis and transfer to ni t rocellulose filters were per-
form ed as described previously (7]. 
DNA.·DNA Hybridization 
Filters were hybridized by incubation in 50% formamide plus 10% 
dextran sul fate as previously described (14]. The two new viral DNAs 
in cellular DNA extracts were initially discovered and part ially char-
acterized by hybridizing filters under less stringent hybridization con-
ditions (30% formamide, 10% dextran sulfate) wi th la beled HPV-5 (R. 
Ostrow, unpublished observation). 
In order to determine the extent of hybridization, liquid hybridiza-
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tions followed by S, nuclease analysis were performed as described 
previously (20]. Molecularly cloned viral DNAs were separ ated from 
the cloning vector by t reatment with the a ppropriate restriction endo-
nuclease, denatw·ed by heating at 100°C for 5 min, and incubated in 
the presence of a heat-denatw-ed, nick- translated DNA [7] in 0.6 M 
NaCI, 40 mM Tris-HCl pH 7.2, and 2 mM EDTA at 68°C for 2 h to a 
CoT (DNA concentration X tim e in mol- s per liter) value of LO. 
Samples were then a nalyzed for degree of renaturation to the labeled 
probe by treatment with S, nuclease fo llowed by acid precipitation . 
Separation. of Cloned Viral and Vector DNA 
Purified molecularly cloned viral DNA was separated from the phage 
vector DNA by treatment with Hind III, followed by agar ose gel 
electrophoresis, extraction onto glass powder using satw-ated Nai 
(21], DE 52 chromatography (7], SDS-pronase, phenol-CHCb, CHCb 
treatment, and ethanol precipi tation. 
Patient Histories 
Patient P is a 25-year-old male veterinarian student with a 10-yeru· 
history of warts on the hands a nd ru'llls. The patient was seen by a 
dermatologist who biopsied a wart from the left hand. Clinically, the 
biopsied wart was a verruca vulgaris. The histopa thology of the le ion 
is compatible with this diagnosis (see Fig lA, B). At this t ime, the 
patient did not have anogenital wa1·t, flat wart, or EV disease. The 
FIG 1. Histology of wruts. A, Histopathology of verruca vulgaris biopsied from ha nd of patient P . Features include acanthosis, papillomatosis, 
hyperkeratosis wi th interspersed ru·eas of pru·akeratosis. Large vacuolated cells are present in the upper tratum malpighii a nd the granula r layer. 
The nuclei a re swTounded by a clear zone (X 50). B, Higher magnification of verruca vulgaris from pa tient P. Note hyperkeratosis, intermittent 
parakeratosis and vacuolated cells in the upper stratum malpighii a nd granular layer. Heavy clumps of keratohyaline granules ar e present in the 
nonvacuolated granular cells (X 128). C, Flat wa rt biopsied from patient DB with epidermodysplasia verruciformis. Histopathologic feature 
include hyperkeratosis, acanthosis, and no,papillomatosis. There is marked vacuolization of cells within the stratum malpighii a nd granular layers 
(X 57). D, Higher magnification of C. Note basket-weave hyperkeratosis, acanthosis, and vacuolization of ce lls in the upper epidermis a nd granular 
layer. 
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patient was subsequently evaluated by one of us (M.B.) 1 month after 
the biopsy and was found to have mul t iple verrucae vulgaris on both 
hands and the right forearm. Wart tissues from the left dorsal hand 
and the right forearm were excised under local anesthesia (1% Xylo-
caine with 1:1000,000 uni ts epinephrine) and were submi tted for molec-
ular studies. 
S ignificant family history includes a fath er with a history of hand 
warts. The fa ther was a meat handler and a heavy cigar ette smoker. 
He died a t 54 years of age from adenocaTcinoma of the lung. 
The patient was seen by another dermatologist in April , 1981, and 
was found to have multiple anogenital warts on the penis. Tincture of 
podophyllin was applied to these lesions and induced waTt regression. 
No tissue from these penile warts was obtained for moleculaT s tudies. 
Patient P W is a 53-year-old meat handler who was followed at the 
Minneapolis Veterans Administration Hospi tal, Depar tment of Der-
matology. The patient was found to have a verruca vulgaTis of the right 
middle finger. The wart was not measured but was reported to be less 
than 1 em in diameter. The patient had no other war ts at this time, 
al though he did have tinea pedis of both feet. The wart was removed 
by a dermatologist under local anesthesia and submi tted to us for 
virologic studies. Duofllm"~"M was s•1bsequently applied to the biopsy 
site. 
T he patient was again seen a t the Minneapolis V.A. Hospi tal in 
September , 1981, and was found to have a single 4 mm-diameter plantar 
war t on the righ t sole. The wru·t was treated with liquid ni trogen 
cryotherapy and DuofilmTM The patient's waTt on th e Tigh t middle 
finger was noted to be present and instructions for continued applica-
tions of DuofilmTM were given. The patient did not return for follow-up 
examinations. 
OuT HPV -3 was derived from a 17-yeru·-old male (patient DB) who 
had a history of mul tiple flat war ts s ince eru·ly childhood. He had 
hundl·eds of small tlat verrucous papules which ru·e clinically consistent 
with epidermodysplasia verruciformis. He a lso had congenital lymph-
edema of one extremi ty. Biopsy of one of the lesions showed a mild 
ort hokeratotic hyperkeratosis, a regular benign acanthosis, focal hy-
pergranulosis, and scattered vacuolated cells in the malpighian layers. 
These changes are compatible with a verruca plana. They may also be 
seen with the verruca plana of EV (see Fig l C, D) . 
RESULTS 
Papillomavirus DNA was isolated by molecular cloning of 
viral DNA .from cellular DNA extracts of patients P and PW, 
and characterized by restriction endonuclease treatment fol-
lowed by agarose gel electrophoresis. The positions of the 
restriction endonuclease cleavage sites of 8 different common 
enzymes are shown in Fig 2. No significan t correlation between 
the number or position of the sites of these or any other 
previously characterized human or animal papillomavirus type 
could be found . This includes the novel butcher virus (I-IPV-Y) 
isolated in this la boratory [14], which had 1 Bam HI, 2 Hind 
III, and no E co RI sites. However, relative minor sequence 
changes across a genome may produce a significant difference 
in restriction endonuclease cleavage patterns. Therefore, this 
comparison alone cannot be sufficient for characterization of 
these two genomes. 
Each molecularly cloned DNA, HPV-P and HPV-PW, was 
then radioactively labeled and tested under stringent hybridi-
zation conditions against each other and against other known 
HPVs using a Southern blot analysis (Fig 3). E ach of the 2 new 
viral DNAs hybridized to each other and to HPV-3 as well as 
to the 2 Bam HI fr agments of a new ~irus (HPV-EV) which 
shared 36% homology to HPV-3 and 6% to HPV-2. This latter 
virus was isolated from a patient with EV [12]. Our HPV -3 was 
isolated from a patient with EV (R. Ostrow, unpublished ob-
servations) and showed extensive nucleotide sequence homol-
ogy by DNA:DNA hybridization to HPV-3 molecularly cloned 
in other laboratories (M. Green, personal communication) . Its 
restriction endonuclease cleavage map is also shown in Fig 2. 
No hybridization under stringent condit ions was observed with 
HPV-1,2,4,5,6b, or HPV-Y. In addition, no hybridization was 
observed with CRPV DNA or BPV type 1 which cross-hybrid-
izes with BPV-2 [22]. This lack of homology with most known 
papillomaviruses as determined by ftlter hybridization corrob-
orates the lack of similru·ities observed in the rest;riction endo-
nuclease cleavage maps. 
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FIG 2. Res triction endonuclease cleavage maps. Molecularly cloned 
DNAs we1·e treated wi th various combinations of restriction endonu-
cleases, electrophoresed on agarose gels, and stained wi th ethidium 
bromide. Molecular weight markers were bacteriophage la mbda DNA 
Hind III DNA fragments and </>X 174 Hae III DNA fragments. Each 
vira l DNA had a M,. 4.95 X 10" and map units represent percent of this 
genome size [Tom cloning sites which ru·e designated as ru·bitrary origins. 
In order to locate the regions of the various genomes which 
shared the homology observed above, HPV DNAs were treat ed 
with various combinations of restriction endonucleases so that 
DNA fragments from various regions of the entire genome of 
each virus could be directly examined using the Southern blot 
analysis under stringent hybridization conditions (Fig 4) . When 
HPV-P was la beled and used as a probe, every fragment of 
HPV-PW and HPV-3 was found to have sequences in common 
under stringent hybridization conditions. Similru·ly, when HPV-
PW was used as a probe, every fr agment of HPV-P was found 
to hybridize. Optimal detection of smaller fragments was 
achieved by the overexposure of this autoradiograph which 
incidenti.Y revealed two prutial cleavage products (marked "P ") 
whose moleculaT weights were the sum of their respective 
consti tuent fragments. Irrespective of this minor point, it can 
be concluded that the homology shared among these 3 viral 
DNAs is a t least widespread, if not uniform, throughout each 
genome. 
A more quantitative assay for the extent of homology was 
performed using liquid DNA:DNA hybridization followed by S 1 
analysis. HPV-P and HPV-PW were each radiolabeled by nick 
translation [7], denatmed and hybridized to HPV-P, HPV-PW, 
HPV-EV, HPV-3, and HPV-5 under stringent conditions. The 
degree of renatuTation was determined using S, nuclease at T 111 -
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FIG 3. Filter hybridization ofHPV-P and HPV-PW to known HPVs. 
Linearized standaJ'd HPVs wel'e electrophoresed on agar gels, trans-
ferred to nitrocellulose filters, and hybridized under stringent condit ions 
to 32P-labeled HPV-P (A) HPV-PW (B). HPV-M is a partially char-
acterized vi1·us which may represent a new type (R. Ostrow, unpub-
lished observation). 
21 °C. The results shown in Table I indicate that HPV-P and 
HPV-PW share about 60% homology with each other and 73-
53% and 24-13% homology with HPV-EV and HPV-3, respec-
tively. The current classification system [15] indicates that only 
those viral genomes that hav~ 50% or greater sequence homol-
ogy under these analytical conditions should be placed in a 
single category. Thus, HPV-P, HPV-PW, and HPV-EV would 
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FIG 4. Homology detection in restriction endonuclease DNA frag-
ments of HPV-P, HPV-PW, and HPV-3. Molecularly cloned DNA 
were treated with various combinations of restriction endonucleases, 
electrophoresed on agarose gels, transferred to nitrocellulose fil ters, 
and hybridized under stringent conditions to '12P-labeled HPV-PW 
(Lanes 1-3) or 32P-labeled HPV-P (Lanes 4-9). La.ne 1: HPV-P, Hind 
III, Bam HI, Sma I. La.n.e 2: HPV-P, Hind III , Bam HI. La.n.e 3: HPV-
P, Hind III. La.n.e 4: HPV-3, Bam HI, Pvu II. La.n.e 5: HPV-3, Bam HI, 
Sma I. La.ne 6: HPV-3, Bam HI, Hind III . La.n.e 7: HPV-PW, Hind III , 
Eco RI, Sal I. La.ne 8: HPV-PW, Hind III, Eco RI, Bam HI. La.ne 9: 
HPV-PW, Hind III, S ma I. Some major partial cleavage products are 
marked P. A doublet is mal'ked D. 
TABLE I. Extent of cross homology of vira.l DNAs" 
Sample DNA 
HPV-P HPV-PW HPV-3 HPV-EV 1' HPV-5 
La.beled DNA 
HPV-P 100 61 24 73 4 
HPV-PW 60 100 13 53 0 
"DNA probes were 10% double-stranded initially and hybridized to 
a maximum of about 60% at a CoT (DNA concentration X time in 
mol·s per liter) value of 1.0. Values calculated above were normalized. 
"Both of the 2 Bam HI fragments were incubated together in a 
single reaction. 
constitute variants of a single HPV type which is distinct from 
the HPV -3 type. 
DISCUSSION 
Two new papillomavirus variants have been described here. 
While each shares a great deal of homology with the other, 
HPV -EV and, to a lesser extent, HPV -3, a significant divergence 
of physical characteristics remains. The nucleotide sequence 
homology detected between these HPV types was distributed 
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broadly throughout their DNA genomes. It seems plausable 
then that each may have evolved from a common ancester 
rather than having undergone a localized recombinational event 
with a similar species of HPV. One must begin to question at 
this stage whether the viral typing system currently in use [15] 
is appropriate. Our results indicate that there was, in this case, 
no correlation in the amount of nucleotide sequence divergence 
and observed pathologic differences or similarities. The arbi-
trary value of 50% heterogeneity may be greatly misleading in 
understanding the biology of HPVs. Practically, for the sake of 
rapid identification of viruses present in low quantities, classi-
fication should, perhaps, be based upon detection on filters of 
viral DNA under stringent hybridization conditions with pro-
totype genomes now in existence rather than on 81 nuclease 
analysis. The latter may give ambiguous results due to a con-
tinuum of levels of sequence heterogeneities which. arise due to 
the evolution of viral DNAs having a common ancestor. Wide-
spread location of homologous nucleotide sequences may be 
another useful criterion. The exact interrelationship of these 
genomes may not be resolved until viral expressed products 
and their functions have been better examined or the complete 
nucleotide sequence of each has been determined. Another 
possibility exists with respect to these data. It is possible that 
since all of the viruses described here are related to HPV -3, this 
may represent a class of papillomavirus which is genetica lly 
very active compared to most previously described prototypes. 
In fact, other investigators have found HPV -3 in butchers' 
warts that varied significantly from prototype HPV-3 [13]. 
Slight variations in a few enzyme sites are not uncommon, but 
rarely exhibit the diversity shown between HPV-P, HPV-PW, 
and HPV-EV for DNAs having greater than 50% homology. 
It is interesting that 3 relatively closely related viruses such 
as these were detected in clinically different pathologies. Two 
explanations for this may be possible. First, expression of the 
viral genes may be modulated by host cell response. Lowered 
immune response is often associated with severe wart disease 
of renal transplant patients [23,24] or patients with EV [8]. In 
the latter case, the frequent familial occw·rence may point to a 
genetic predisposition to papillomavirus infection [25]. Second, 
variations in a single viral gene may affect its function upon 
susceptible host cells. Modification in the DNA genome may 
affect the presence or absence of viral proteins or their ability 
to perform a function based upon their primary structure, thus 
determining their biologic effect. 
We have characterized 2 new HPV DNA genomes by both 
restriction endonuclease and hybridization analysis. These ge-
nomes are related to both HPV-3 and HPV-EV but are associ-
ated with different pathologies. 
We would like to thank H. zur Hausen for kindly providing us with 
HPV-6b DNA, M. Green for providing HPV-EV DNA, F. Castiglione, 
Jr. for providing the tissue from which our HPV-3 was extracted, and 
Carol Souter for patient referral. We thank Cindy Kosman for typing 
this manuscript. 
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